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ABSTRACT 

The technical reports summarized in this paper were 
prepared as part of a project designed to determine what is known 
about the teaching of cognitive skills and to formulate questions 
relating to such teaching for further research. Topics discussed in 
the 22 reports include the following: (1) teaching thinking; (2) 
Aristotle's logic; (3) a conceptual framework for the teaching of 
thinking skills; (4) a theory of plausible reasoning; (5) structure 
mapping; (6) counting, computing, and the representation of numbers; 
(71 computer programing as a vehicle for teaching thinking; (8) 
problem theory;; (9) the teaching of informal reasoning; (10) the . 
nature of intelligence; (11) microcomputers in education; (12) 
understanding understanding; (13) the teaching of learning 
strategies; (14) retrieval inhibition for part-list cuing; (15) 
teaching study strategies; (16) inquiry dialogue on the nature of 
lenses; (17) analogical development and the novice expert shift; (18) 
memory search of semantic categories following. exposure to category 
instances; and (19) approaches to training information processing and 
problem solving skills. (FL) . 
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1 . INTRODUCTION > 

^ This - is the Final Report for contract 400-80-0031., The 

and four months. The objectives of the-^^roject as set forth in 

BBi^ Proposal No . . P80-I SD-102 . and incorporated by reference in 
the contract, were as follows; 



To. deterirojne what rs known about the teaching -of 
cognitive skills. drawing information both from the 
research, literature and from the resul ts of efforts to. 
develop cognitive enhancement programs .. . 

To organize thi s' i nf ormat i on in a form, or forms. that, 
wi 1 1^ be useful to researcher's who may wish, to do "further 
work on ' thi s . subj ec t . and to educators who may wish to 
implement a cognitive enhancement program in the.ir own 
context . / ■ \ 



To identify questions re 1 a 1 1 ng 1 .{o the teaching of 
cognitive ski 11 sj' that, requi re ,, .reselarch. ' . v 



o To ini^tiate. research on some of "those, ques t i ons . ; 

The real iza^ion- of. these objectives is docursnted in a 
. •• series, of -Quarterly Progress Reports and Technical Reports that 
: have been submit ted to NI E over the life of the project, or thai 
. are_. submitted herewith. This Final Repo.rt is organized in terms 
of the Technical Reports that have been' prepared ..' wh i eh . for 
conve.nience. we have ' c 1 ass i f i t-d in five categories, .report 



\ 



describing programs \ to teach thinking skills. theoretical 

reports,, literature reviews and syntheses, reports of empirical 

research, and others. Some of these reports have been published 

and some have been accepted or invited f or pub 1 i cat i on .! The 
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:Slatus of each; is iridicled. . iri parea^^ the t i t le and 

.came of the; author ( s ), Sojne of the remaining report's will 
probably^ also be published eventually .in one f orm ''or another 
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2, RfiPORT. DESCRIBING PROGRAMS -TO t 

o Te^'aching Thinking R/sr.; K Perkins, and 

E.E. Smith. ( to; be. publ ^hed as a book . ) 

Thi s book deals wi th the p;rob|ein of .teaching thinking. It 
is. organized in three parts,. In^ Part . I we discuss several 
concepts and conceptual d i s tine t i ons by way of providing a 
background agairis-^ which to view various approaches to the 
teaching qf thinking ski 11 s ; We begin this part with an -inf ormal 
consideration of the concept of intelligence. . inasmuch as the 
concept relates rather directly to the concept of thinking, and 
one's understanding of what Intel 1 igence i s 'may predl^•^pose one to 
one or another bias regarding the teachability of thinking 
skills. We consider a variety of perspectives on thxnking and. 
in par 1 1 cu 1 ar , the usefulness of the notion'of "thinking ski 1 1 s . " 

'We discuss problem solving, creativity, and me t acogn i t i on because 
there is an experimental literature around each of these topics 

.that IS highly relevant to our general subject. We end this part 

with a review of a variety of common reasoning deficiencies. The^ 

fact that the commonality of these deficiencies is easy to 

document helps make the case for the need of more effective 

method's for the teaching of thinking. * 

'/ 

In Part II we review several attempts that have been made to 
develop th i nk i ng-sk 1 1 1 s programs: This review is not 

exhaustive — we are aware of many programs that are not described 
and there undoubtedly are many more of which we are unaware — 
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;- ivowev^Br' _ we believe : that v the^ \;,, programs included' are' a 
representative sample of. those that., exist. Our re v i ew , i s ' mor e 
descriptive than critical, p.rimar.ily because in most cases 
compelling evaluation data have not been obtained,, , /We venture 
opinions regarding strengths and weaknesses of specific programs; 

• however.. v;e urge readers "toV seek out original sour,pes for 
.programs of special interest, ao- as.; to form the i r own opi ni ons .o f 

•their merits. Our hope is that this book wi 1 1 provide a broad 

"cbnt may.' be' viewed 'and useful 

pointers to more compl ete i nf ormat 1 on . 

In Part III we discuss the issue of^program evaluation and 
we consider the. <jues t i on o f what the evidence^; on the whole , 
indicates regarding the teaching of thinking skills. What do the 
results of the various e f f or ts descr i bed in Part II suggest 
regarding., the legitimacy of the teaching of thinking as an 
educational objective? What guidance do they provide to teachers, 
and -researchers who wish to tjeach thinking or to work on the 

I 

development of new and more effectiive techniques for doing so'?' 
(From the- .Introduct ion ) 
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3.. ^ THEORETICAL AND :CONCEPTUAL;.;REPORTSr/" " • "■ w"';^;.-^ 

. : ■ o Ar.islotle's Logic. KiJ J V ; Xdarns , BBN^Report Hp . 5275 . (Tov 

. be publa shed in G / 'Bower (Ed , ) . Pis ycho 1 o gy of : Learpi ng . ,,./." 
and Mot i vai l on «^ Aoademi c/Press'. } : V . . 7.^ \[ 

.. : ■ This paper is aboiit the old 'quest ion of the relat ion .between., 

Aristotelian 1 o^vi c and .. thought ;/ The "approach, hoyfever /:XK 

^backwards re 1 at i ve to. the norm . Speci f i.cal iy , the documented^ 

. data on thought is accepted .and ./with that ;as a base, the .logic. 

is scrutinized. The i.dea stemmed irom the observation that 

author i 1 1 es di sagree \ar/ to how 'many of the syllogistic pai rs of 

.... premises yield val id cpnclusipris . Among the answers cited are 

: ■ . 14 , 1.8. 19. 24. and .?7.. . .The suggestion in , this .paper is that at 

. least part of the common mail ' sV apparent i rr at 1 ona l i ty may be owed 

instead to the logic. : ; . 

. . 3; A proof is given of how many of the . sylhogi'sms are indeed 

valid,. The proof is transparent, and it clearly defines likely 
sources for a number of classes reasoning errors . Moreover, 
it suggests a much simpler'set ofrules to which Ar i s to t 1 e ' s can 
, be reduced. With this understanding of the logic m hand. the 
historical and experimentally documented sources of confusion are 
compared- They turn out to be very cl ose 1 y re 1 ated . 'Moreover, 
such ostensibly different models oi syllogistic reason ing as 
Guyote and Sternberg (1981) vs. Johnson-Laird and Steedman (1978) 
prove to be essentially isomorphic when one considers that they 
were based on different models of ^the logic. Finally, after 
sorting, out the various historical confusions and playing down 
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the,: logic to Us reduced' form,- the laws that . are left correspond 
^jvery closely with .people's; normal performance. (Abstract ) 

o An Outline of a Conceptual Framework for the Teaching of 
■ Thinking Skills, B. Bruce and E.E. Smith. BBN Report No 
r.} ■■ ''4844 . ' - 

■, .: -^11 ^^^is "paper we first propose aMaxonomy of the basic types 
•of .knowledge needed- for good thinking. Next, we consider each 
taxonomic ;type in turn. considering its contentc and its use. 

-then / we- notfe -^a - f ew ■impl4c - f or descr ibing 

e-ppdr^"" ■ and ■ f or ■ speci f y ing how'to teach thinking skills.; 

■Finally, we use our taxonomy to characterize several existing 
programs for teaching 4,hipkii>g skills. (From the introduction) 

o A theory - of Plalusible Reasoning. A. Collins and 
: ■ • R. Michalski . (draft). 

The paper describes a °formai system based on .Michalski s 
..v-.r iab.le-valued nolaiion that characterizes the different types 
■of plausible logic inference humans; make in reasoning about the 
world. The work is based on the .plausible inferences, thai 
frequently occur in people 's answers to questions In this sense 
it is ^ a major departure from log.c,. which :s based on normative 
theories of reasoning. Because the theory is descriptively 
based. it inciude.^s a variety &f inference patternis tha. do not 
occur in logic-based theories. A central goal of the theory is 
to specify the parameters such as the degree of typicality or 
similarity that affect people's certainty m making different 
plausible inferences. (Abstract) 

11 
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o Structure Mapping: A Theoret icaT Framework fdr'Analogy, 
"D. Centner.., BBN Report No.- 5192. {Published in Journal 
"ol Cognitive Sc i ence . 1 9R3 ; 7(2). 155-170.) ' 

A theory of analogy must describe how the meaning, of an 
analogy is derived from the meanings of its parts. In the 
s t.ruc tyre-mappXn& theory . the interpretation rules are 
characterized as. implicit, rules for mapping knowledge about a 
base doitthin into a target domain. Two important features. of Ihe 
theory are (a);the rules depend only on syntactic properties of 
the k*nowledge ; ej^resentat ion. and not on the spec i f i c content of 
the domains;, and (b) the theore t i cal. f ramework allows analogies 
to be di St I n'',ui shed cleanly from literal similarity statements, 
appl i cat ions . of abstract i ons , and other kinds • of compar i sons . 

Two mapping principles are described. . (a) Relations between 
objects. . rather than attr ibutes of obj ects , are mapped from base 
to target, and (b) The^.par ti cul ar relations mapped are determined 
'>y sys temat 1 c 1 1 y as def ined by the ' , existence of .higher-order 
re 1 at i ons ^ { Abs tract ) : ^ T 

o Thoughts ' on ■ Teaching Thinking , R . S , N i ckerson . 
{ Published m Educat i ona 1 Leader shi p . 1981. 30, 21-24.) 

A progruiii to. enhance thinking might reasonably focus on four- 
types of obj ect i yes ; abi 1 i t i es ^ methods , knowledge . and 
attitudes. The term ab i 1 i es - i s i nt ended to connote specific 
things one might want students to -be able to do. ^e tho<j? refers 
to structured ways of approaching tasks and sub.sumes the notions 
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of stratf^gies. procedures, and heuristics. Knowl edge ref eris to 
facts, concepts, or principles that one might want. 'Students to 
understand. At t \ tyides refers to points of v i ew , perspec t i ves , or 
opinions that one might want students to adopt, this taxonomy, 
like most other s , has some arbi trariness about it. It does, 
however, provide a convenient frame of reference for discussing 
some important aspects of improving intellectual performance. 
(From the introduction) 

o Counting. Comp.uting. and the Representat ion. of Numbers, 
. . R.S.. Nickerson. BBN Report No v 5172 . 

they are represented /.visual ly In this paper, several ancient 
systems for representing numbers are': compared with the Arabic 
-system.' which is ;/used thr oughout^^^^^t^^ today. It is 

suggested that the superiority -of the Arabic system^ as a vehicle 
for. computing is due in ; large part to the compactness ol its 
notation. The greater compactness has been bought at the cost of 
greater abstraqtness. Numbers in the Arab ic .sys tem bear a less 
obvious relationship to , the quantities they represent than do 
humber.5 in many earlie'^^ systems. Moreover. the elementary 
arithmetic operations of addition and subtract i on are also more 
abstract; in some of the earlier systems the addition of two 
numbers is smilar in an obvious way to the addition of two'' sets 
of objects, and. the correspondence be^tween subtraction with 
numbers axid the subtraction of one set of objects from another is 
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also relatively direct. The greater abst r'ac tness of the Arabic 
system may make it somewhat more difficult to learn, and it may 

such elementary . ar.i thmet ic operations as 
carryang and borrowing . The power of. the sys t em- 1 i es i n the fact 
that once it has been learned it is the most efficient of any 
.system v.et developed f or represent ing and manipul at ing quant i t i es 
of al 1 magni tudes . (Abstract) 

o Computer Programming as a Vehicle for Teaching Thinking 
. Skills.. R.S. Nickerson. (Published in Thinking . 1983»'4v 
42--48 . ) ■ ; . 

Perhaps the. basic rfeason f or Ihe : be 1 i e f that programming 
might be -an. effective vehicle for the acquisition of generally 
useful cogniti^'e skills is the. assumption that progr.aJTuni ng is 
prototypical - -of many cognitively- deijianding tasks. It is a 
creative endeavor requiring planning / pre.ci s ion in the use of 
language. the generation and testing of hypotheses, the ability 
to identify ac ti on sequences , that will . realize specified 
objectives. careful attent ion to detai 1 . and a variety of other 
skills that seem to. reflect what thinking is all about/ Perhaps 
the best way to expl ore ,,the pi aus i bi 1 1 ty oj the., assumpt i on is to 
consider, in a conjectural way » what some of the genera^lly useful 
cognitive skills that could be acquired through programming might 
be. 

In what follows the term "skills" will be given a 
sufficiently broad connotation to include abilities, methods. 
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knowledge. and attitude^s (Nickerson, 1981). ..The following 
conjectural list was produced with this connotation in mind. It 
contains examples of ski 1 1 s , broadly def ined , that seem to be 
involved in programming and that one might therefore hope- to be 
able *to teach via the teaching of programming. 

Planning "^^-^ 
Anticipating ' . ^ 
Problem Decomposition , = 
Hypothesis Generation and Testing 
The concept of an a.lgorithmic procedure 
^ Xh.e_x,o.n.c.epl_.oi^„a_h.e.ur_i.sld_c_.pr„ox.e^ l 



The; idea of a parameterized procedure 

The idea of a procedural hierarchy 

. The importance of the precise use of language 

The importance of avoiding unnecessary complexity 

The fact that there are many ways to represent the 
same procedure . 

The idea of indirect, reference 

The difference b-^-tween .syntactic and conceptual 
errors 

The difference between functionality and elegance 
(Excerpted from article) * 

o Problem Theory. D.N. Perkins. BBN Report No. 5265. 

The paper presents ten dimensions, nine binary and ne with 
f our . va lues , for -characterizing problems of a.l 1 sorts/^ The 
problems treated range from constructing proofs to such 

15 
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open-ended tasks as wri ting a poem or advert i sing a product. The 
dimensions measure departure from "formality" as exhibited by 
problems like proving a mathematical theorem. The dimensions 
address factors such as whether the problem solver has access to 
full information about the current state of. the problem (for. 
example, yes for a 'proof, chess, or bowling, no for bridge), 
whether the state of the problem is only changed by the problem* 
solver (yes for a proof . no f or chess , br idge . bowl ing ) . whether 
the operations the problem allows can be reliably carried out 
(yes for a- proof.' no for chess, bridge, and bowling). The 
analysis considers r'the. kinds, of cogni t i ve sk 1 1 1 s and style 
demanded by ^formal problems and. various departures from formality 
and concludes by examining skills of formalizing and 
"de-f ormal 1 zing" that cut across different probl em types . 

o On the Teaching of Inf ormal ^ Reasoning , R.S. Nickerson. 
BBN Report No. -557?. { To be pub 1 i shed in R.F. Dillon 
and R.J. Sternberg (Eds ; ) " Psycho] og y and C ..i V iculum 
Pes 1 gn . Academic Press.) - . ^ 

This chapter draws, one- contrast between automatic and 
deliberate inferericing and another ^etween closed and open-tended 
problems. It addresses the question of teaching informal 
reasoning of t^he type that involves deliberate inferencing on 
open--*ended problems. The prototypical task'of interest is that 
of figuring out what ' to believe in daily life and. more 
particularly, that of evaluating informal arguments. It is 
suggested that although the ability to evalua'te informal 

16 
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arguments rationally and reasonably Is as important as most 
abilities we possess, ^we do not know how to improve this * ability 
very much^ by training. Three types of impediments to effective 
.reasoning in the evaluation " .of . arguments are 
discussed; knowledge impediments, methodological impediments, 
- and vat t i tude impediments. It is suggested that efforts to. teach 
■informal reason.ing- shoul d address all three types.. (Abstract) 



I 
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4. LITERATURE REVIEWS AND SYNTHESES "... 

o What is Intelligence? M.J. Adams. BBN Report No. 4801. 

Cross-cultural research has demonstrated time and again 
that., not just the level , but the pattern of people's performance 
on tasks designed- to measure Intelligence varies distinctively 
with the i r. cul tural and educat i onal backgrounds . , In this paper, 
several genres of v verbal reasoning problems are examined in 
search of experiential factors that, might' work to support or 
'distort their underlying^ logic. In, each case, the factors turned 
up seem to opera te "on e i ther the interpretation, of the problem, or 
Ihe percepti-'on of its solution demands: that is*, they appear to 
affect aspects of the solution that are orthogonal to the 
processes of logic or reasoning that the problems are intended to 
assess. The implicat) ns for cross-cultural assessment of 
reasoning are discussed. ^Abstract) ^ 

o Microcomputers in Education. W. Feurzeig, P. Horwitz. 
and R,S-. .Ni ckerson . BBN Report No. 4798. 

■ Computer ^assisted instruction has been a topic of 
considerable interest among researchers and educators for more 
than 20 years. To date, accomplishments have not matc^lied early 
expectations. One of the major 1 imi tat i ons to progress in this 
field has been the high^.cost of computing resources. Recent 
advances in. microelectronics technology and, in particul,ar, the 
development of the computer on a chip, have greatly reduced the 
cost- of computing hardware, and have also made possible the 

18 
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packaging of very large amounts of computing p^wer in portable 
■deyices. The trend of .providing increasing amouj/ts of computing 
.power \n increasingly smaller packages and at ever decreasing 

cost is expected to continue into the foreseeable future. This 
.report is motivated by the belief that this trend has very 

substantial implications for the future use- of computer 
•technology ,xn education. Following a cursory review of the 

history of computer assisted instruction, the capabilities of 

\ 

state-of-the-^art 'microcomputers are described. Currently 
available microcomputer software with-^potent iai educational uses 
^-ys - X -^'^ahd s'ome anticipated future developments are 

discussed. "(Abstract) - / " 



'o Understanding Unders tand i ng ?fi ■ S*. Ni ckerson , BBN Report 
No/ 5087. (To be published in " Amer i cai) Journal of 
Educa 1 1 on . ) 



Several experimental studies are reviewed. the results of 
which suggest that students often fail to acquire an 
understanding of some of the concepts relationships-, principles, 
and processes that are fundamental to traditional high school 
course material. The question of what it means to understand 
something is considered. Several suggestions are made' regarding 
how" understanding might, be facilitated in the classrooin. 
(Abstract) • 



o Three Uses of Computers in Education, R,S. Nickerson, 
BBN' Report No. 5178. (A portion of this paper was 
published under the title: Computer Programming as a 
Vehicle for Teaching Thi nking .Ski 1 1 s . , See above.) 
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Computer technology has the potential to impact education in 
a variety oj wa^ys.. This paper discusses three of them under the 
topics > (1) the computer as a gene ral -purpose 'tool; ^ (2) 
computers-assisted instruction; and (3) programming as a vehxcle 

for acquiring generally useful cognitive skills. 

/ • - \ • 

_ Because the computer is a powerful general-purpose tool that 
is being used in more and more contexts, its use in schools and 
in educational activities is also increasing and undoubt ed 1 y • wi 1 1 
continue to do so. Increasingly easy accessibility of coj^puting'^ 

r e s our c e s— t o- s t uden t ' " wi 1 1 en c o r ^ g r e ate r r us e ^ in' 

; - ■ , - ■ . . ■ ■ ' 

educational activities "and assignments, as will t:he growing 
significance that, computer literacy is acquiring in the 
workplace. 

'■ - . ' ' V/ 

Comput er'-^-ass 1 st ed ''ins.truct I on", which to date has failed to 

■> . 

fulfill early expectations, still shows enormous promise. The 
reasons for expecting CAI to be effective are compelling and the 
technology is rapidly approaching ^ the point at which the use of 
computers to teach at least '^ome aspects of conventional course 
material can be cost effectived The major impediment to more 
effective use of this technology at the present time appears to 
be the paucity of high-qual'ity educational software. The 
software that has been developed for purposes of entertainment is 
superior in many respects to what is generally available for 
educational purposes. An especially attractive po'>i ir^. b i 1 i ty is 
that of development of\ software that both educates and 
entertains . , v 
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c ' " 

The use .of computer programming as a vehicle for the 

'J . . 

teaching of generally-usef ui thinking ski 1 Is also appears to be a 
possibility that i s suf f i c i ent 1 y promi s i ng to warrant serious 
efforts toward that objective. Programming is prototypical of 
. many cogni t i ve 1 y-demand ing tasks. Many ■ of the abilities, 
methods, concepts, principles and attitudes that are likely to be 
:. acquired in the course of learning to program have broad 
applicability to. other domains as well. It is not known to what 
■ extent ski 1 1 s,-' that are acquired in the learning of pro,^rami!iing 

_ spont aneous^l^^ LS_-.-iX__kno,w_._._ho.w 

effective programming would be as a vehicle .for teaching 
general ly-useTul .thinking ski 1 1 s . i f 'an ' exp 1 i c i t Je-f f or t were made 

.. .. . . \ \ ' . - ;v^i^ 

, to use it for th^at purpose. It is suggested here that ^th.is 
approach to the teaching of thinking ski 11 s is' worth trying, and' 
several skills that might be candidate objectives for such an 
approach. are identified. (Abstract) 

. o The Tef/ching of Learning Strategies, R.S. Nickerson, 
W. Salter. S. Shepard . and J . Herrnstein, BBN Report No. 

5578. 

Learning' is being viewed more and more as ian< active process 
over which the learner can aii.d should exercise considerable 
control. This view stands in sharp contrast to that which sees 
learners, as passive receptacles standing ready to receive 
whatever information and knowl edge teachers may choose to pour 
into them. It also raises the question of what is required to' 
control and manage one's own learning. An interest in this 
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question has lead many researchers to attempt to identify 
ef fective "strategies" .tor. 1 earning-. and to explore how they 
might be taught . - 

In this pape r we rev iew"^'s ome^'^'o f' ^"the'^'wor Ir'i li'-^ 
attempt to summarize what has been found to date. We begin wuth 
a- discussion Oa the question of what a. strategy is and contrast 
this concept wi th. several related ones. We then consider some 
evidence that a variety of learning strategies are used 
spontaneously by students without bcang taught. We review the 
results of , several effort to teach learning strategies under 
cont r o 1 1 ed cond i t i ons . On the basis of the results of these 
studies, we draw some conclusions about the teaching of such 
strategies. (Abstract) 

■* * ' 

o Retrieval Inhibition for Part-List Cumg: A Persisting 
Enigma in Memory Reseerch. R.S. N.^ckerson'. BBN Report 
No. 557-4. (To-.be published in- Memory and Cogni 1 1 on . ) 

When people are asked to recall words from. a list they have 
just studied; or to produce as many items as possible from a 
well'-known category (e > g .." states of the United States), having 
available a sub.set of the items as recall cues often does not 
facilitate retrieval of the remaining items and-' sometimes 
inhibit.s it. The finding,, which has been referred to as the 
"part-list cuing effect/" has been obtained many times with a 
variety of experimental tasks, including recall from cetegorized 
and non-categorized lists and retrieval from very long--term 
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memory. This paper reviews the studie 
effect, and aons iders several explanations 
proposed. None of these exp 1 ariat'i ons i 
adequate and compelling. (Abstract) 
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5. REPORTS OF EMPIRICAL RESEARCH ' 

o Teaching Study Strategies , A . CoU ins , p. Centner, and 
A. Rubin. BBN Report No , 4794 , (To be, published in 
Cogni t ioi^ and Instruct ! on '. ) 

This paper describes an experiment in teaching study 
strategies to high school students, . Its purpose, was to 
investigate the transfer of some theoretical hypotheses about 
study skills into- pract i ce . A group of students was tutored on a 
one-to-one basis and their progress was monitored by a seriei> of 
tests and observations of, their studying and note-taking 
behavior. The resul ts . ^howe'^d that tutored students scored 
vprogress 1 ve 1 y better on successiVfe tests as compared to a matched 
control group of students. (Abstract) 

o .inquiry Dialogue On the nature of Lenses, A. Collins. 
(To be publ i shed in C.N. Reigeluth (Ed^. ) Instruct i onal 
Theor i es in Act i on : Lessons I 1 lus t rat i ng Se 1 ec t ed 
Theor i e s and Mode 1 s . ) 

We have studied a variety of inquiry teachers" in order to 
abstract the goals and strategies they use in their teaching. 
Inquiry teachers have two overa 1 1\ goa 1 s . One is to teach a deep 
understanding of a particular domain so that students can make 
novel predictions about the domain. The other is i to teach 
students to be good scientists. sc that they can construct 
general rules and theorifes. and be able to test them out. The 
paper presents a dialogue constructed to illustrate aspects of 
inquiry teaching, together with an analysis of the specific 
strategies used by the teacher in the dialogue. (Abstract) 
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o Analogical Development ^^nd the Novice Expert Shift, 
D,. Center , BBN Report No. 5478.. 



•There is a we U-documanted developmental improvement on 
tasks involving metaphor ^and analogy. This has generally b,een 
held to result from an age-^related increase in cognitivfi 
capability. In this research we ask whether thi s improvement 
could result simply from an increase with age in knowledge about 
the specific domains of discourse (the knowl edge hypothes i s ) , 

• In two . experiments. we compared interpretations of 
scientific versus general analogies by college science students 
with: those of liberal ar t s s tudent s . If analogical development 
results from acquisition hi domain-specific expertise, the 
science subjects should produce better interpretations of the 
science analojgies than the liberal arts students. 

; ^^^^ The resul ts provide no evidence for the domain knowledge 
hypothesis. The two groups of subjects showed no significant 
difference in their styles of analogic compr eheufi i on . .The 
implications of these results for a knowledge-based view of 
analogical development are discussed. (Abstract) 



o, Are People's Estimates of What Other People Know 

Influenced By What They' Themselves Know?, R.S. 

. Nickerson. A. Baddeley. and B. Freeman, BBN Report No, 
55*^^ 



An exploratory experiment was done to investigate how our 
estimates of what other people know are influenced by what we 
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our.se lyes know. T^vp hypotheses were of interest: (l) that one 
is .more: likely to belaeve that other people have a particular bit 
oi knowl edge " i f -one has it oneself than if one doe^^ not, and (2) 
that ' --one . i^s '^mo^^r likely to overestimate the coiiunonal i ty of 
krio.wil edge- that ;one on^-tself than of knowledge thai one does 

not ha ve;v.:;ir. Subjects answered questions selected from the set for 
whiith (-1980} have prov i ded norms . They also 

estimated the .percentage of other people who would-be likely to 
kijow the answers to these questions. The results were consistent 
with both hypotheses. {Abstract} 

Mo Memory ^Search of Semant i c Categor i es Following Exposure 
to Category Instances, R.S. Ni ckerson . E . E . Smith* and 
R.W. Wallanh/BBN Report No. 4822. J, 

Subjects generated as' many words ^ as they., could from a. 
specified semantic cat egory - (b i rds or countries.) after having 
performed a 1 1 s t-l earn i ng "t ask with words drawn from the same or 
a different catego^ry. Results \^ere inconsistent with those .of 
previous studies that had shown that increasing the availability 
of some of the items of a category, by presenting them in 
advance, impaired the subjects', ability to produce the remaining 
items in the category. In this experiment, degree of 
availability o was manipulated by. selecting' for advance 
presentation items that typified the category -to different 
"degrees, and by giving the subjects different amounts of exposure 
to the items by means of a list-learning task. Increased 
typicality and increased exposure both increased 'the availability 
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of . the i terns presented in advance (as evidenced by performance on 
the list-learning task) . but nei ther decreased the avai jabi 1 i ty 
of the remaining items in 'the category (as evidenced by 
perfofmiance on the subsequent list-generation task). An account 
of. the discrepancy between these results and those of. previous 
.,e.xp.ej:.iment.s is.lsuggested-,--.wh4ch-^i.^^^^ 

search .process ;t .some random sampling with 

replacement. Other aspects of the results that are discussed 
include the f ac t that sub j ec ts generated more than twice as many 
names of countries as names of birds, although there are many 
more bird names than country names in the language, and the fact 
that /^sub.j ec ts generated only a re 1 at i ve ly smal 1. percentage 'of the 
possibilities in both cases. Plot£> of cumtil at i ve. numbers of 
■ items produced versus time were fitted with exponential functions 
of the form n(t)=n({0) ( l--e*>^^ . The fact that n(co) . the asymptote 
of the curve., was inversely related to . the rate parameter, was 
taken as consistent with the idea that the number of non-target 
items in the search sets was siimall in comparison to the "^number of 
target items^ contained in them. (Abstract) 
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6 . OTHER I^EPORTS 

o Notes! About Reasoning, R.S. Nickerson, BBN Report No. 
5191, '/(To be published as a book*) 

This is not a textbook on reasoning. . No claim is made 
either for comprehens i veness or even for balanced coverage of the 
; sub j e c t" Nor do the s e no t e s re v i ew the expe r imen t a I ' t er a 
on reasoning ; indeed while, allusions to experimental findings are 
sometimes made, the format that is typically used in preparing a 

review has been, intentionally avoided. 

' . . ' " -">. . . 

The /use jof the term "Notes" in the title is a considered 

. ■ j 

choice becausefthat is what the document is — a set of notes. 
Thus the discursiveness of the style and sometimes fragmentary 
nature of the pontents. And, as seems appropriate for a set of 

notes. this | one contains a mixture of rbs = rvat i ons about 

■ I 

reasoning thajL can be readily substantiated with data and 

expressions o|f opinion and conjectures that cannot. My main 

•'■ • 1 

motivation f orj produc ing these note.s was to help clarify my own 

i . 

thinking about the. topics discussed, working on the assumption 

I ■ 
that ,^the process of writing about a subject is as good a way as 

there is to force oneself to make one's ideas about that subject 

clear. There is/aisp the possibility, of course, that the actual 

result is to m^ke clear how fuzzy those ideas really are. 

i ^ 
Nothing is assumed with respect to the. reader except a 

general interest in the subject of reasoning and a tolerance for 

ideas that are still in the process of being formed. To the 
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extent that there is^ a target reader » it is a teacher at 
secondary school or junior college level:*. If any of these notes 
prove to be useful to someone who is trying to help students to 
become better reasoners , they will have more than served their 
purpose" -is, of course, a 'I'af ge'Vte^^^ f roin" Ideas " in the 
sketchy form of those presented here to f ul 1 y ^ deve 1 oped 
curriculum material suitable for. classroom use. On the other 
hand-» one needs ideas from which to develop curriculum material.' 
and it is hoped that some of those, in these notes may be useful 
to that end. {From the Introduction) , 

O: Methods, Fallacies and • Games: Comments on . Some 
Approaches to Training Informat ion Process ing and' - 
Proh^em Solving Skills. R.S- Nickerson, BBN Report No. 

. 5576 . 

This paper is a commentary on three other papers presented 

. f. . ' 

at the 1983 American Educational R^isearch Association 'Symposium. 

on "The Trainabi 1 i ty of Information Processes and Problem solving 

Skills," Montreal, Canada. The paper focuses on certain aspects 

of the papers that appear to the writer to 'be subject to debate. 
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7, OTHER ACTIVITIES OF NOTE 

A mailing list of researchers and educators was prepared and 
forwarded to NIE. Names' for the mailing list were obtained in a 
var iety of ways » ii:.":luding* through the fol lowing not ice in ASCD 
Update . • published by the Assoc i at i oji .for Supervision and 
Curriculum Development : . 

Educators and researchers working with, programs to 
enhance. thinking skills are being studied by Bol t Beranek 
and Newman for the National Institute of . Educat i on . 
Educators and researchers working with such programs may 
be., on the mailing list by sending their name^ address, 
position* whether researcher or practi t ioner . • and na-ture 
of their activ'ity or- interest to Brenda Stari*; Boli 
Beranek and Newman Inc:; 50 Moulton Street; Cambridge. MA 
02238. 

Most of th-e people who responded identified themselves as 
pract i t ioner s . > . *^ 

Several cognit i ve-ski l.l s training programs were visited 
during the course of the pr6ject. Among them were Michael Cole's 
program at the Uni ver s i ty of California at San Diego, which is 
centered on the Teaching of me tacogni t i ve and problem-solving 
strategies. the Instrumental Enrichment program' of Reuven 
Feuerstein as implemented in Nashville Tennessee. the'^Phi losophy 
for Children program of Matthew Lipman as implemented in 

30 



Bolt Beranek and Newman Inc. -Report -No. 5560 

Secaucus. Totowa. and Union ;City. New Jersey, and the Thistle 
program :.n Newark. New Jersey. 

A symposium on "Purposes for Teaching. Purpose" was organized 
lor the Annual Meeting' of the Amer i can- Educat i ona 1 Research 
Association on March 21\ 1982. The objective of the symposium 
was to discuss a variety "of ways in which the teaching of purpose 



can f ac i 1 i tate the at tainment of other educat ional goal s . The 
three formal presenta.tions focused on; (1 ) the importance of an 
understanding of purpose to the development of reading and 
writing .skills, (2) rel at i ve ef f ect i veness of a purpose-oriented 
approach to teaching ^jir^^cedural knowledge . and (3) the teaching 
of purpose as a wa|y of i;mproving study skills. The symposium was 
organized by R;^. Nickerson. the three . presenter s were B.C. 
Bruce. A.. Rubin. {Purpose in Reading, and Writing); E.E.^ Smith. 
(Purpose in tke Giving and Fol lowing of ' Instructions); 
A. Collins. D. Centner. A. Rubin. (Purpose in ^Teaching Skills), 
The discussant wa^ Bonnes Armbruster of the University of 
Illinois. Synopses of the three formal 'presentations can be 
found in Quarterly Progress Report No. G, \ 

At the request of NIE. we participated in an Eicpert's 
Meeting 'on 'The Impact of New Information Technologies on 
Learning Processes and Equality of Opportunities" at the Center 
for Educational Research- and Innovation in Paris on December 16, 
17; 1982. Notes from the meeting were forwarded to NTE. 
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